Environmental pollution is a global problem that affects all aspects of life. With the development of industry and urbanism, different pollutants are being released continuously into the ecosystem, bringing disorder, imbalance, and the impossibility of self-regulation. These effects are being felt by living organisms. The particular problem is pollution that comes from metallurgy, whose processes may release heavy metals that can affect living organisms and cause numerous disorders and diseases. As a result, many heavy metals are present in the environment. They are released in the form of oxides in the air and as salts in the soil and water. It was found that they have toxic, carcinogenic, and mutagenic effects on animals and humans [1] [2] [3] [4] . As a component of Earth's Pol. J. Environ. Stud. Vol. 25, No. 6 (2016), 2695-2699 Short Communication
crust, heavy metals are present in low concentrations in all environmental components. Being present in the air, water, and soil, they are able to enter the body and then the food chain, where their levels are multiplied a hundred times by passing from prey to predator, which is the phenomenon of biomagnification [5] .
Some heavy metals are essential for functioning organisms (Zn, Cu, Ni, etc.), but they may be toxic in higher concentrations. Other metals (Pb, Cd, As, etc.), are toxic even in low concentrations [6] . Animals may be exposed to heavy metals as a result of contamination of drinking water, contaminated air, and food near the emission. Toxicity manifestation depends on many factors, such as dose, duration of exposure, species, sex, environmental factors, and feeding habits [7] . Heavy metals such as Pb and Cd, after entering the body, enter the biochemical cycles, bind with ligands, and -due to their similar chemical structure with zinc -after a long time of exposure can accumulate in the target organs [7] [8] . The target organs are unable to metabolize the heavy metals due to their atomic weight and high density. Some of these metals affect enzymatic systems because they can bind with specific proteins and compete with other essential substances. In this way heavy metals affect cell functions and can form anions and superoxides, which are toxic and can cause cell death. For instance, lead has no biological role, but even at low concentrations it is toxic for living organisms by inhibiting the synthesis of hemoglobin through inhibition of the δ-Aminolevulinic acid enzyme [6, 9] .
Long-term exposure, even in low doses, may lead to chronic intoxication [7, 9] . Each of the heavy metals (Pb, Cd, Cr, Ni, As, Hg, Be, Cu, Zn) has a tendency to accumulate in organisms in general and in target organs in particular. In addition, Pb can be accumulated in the liver, kidney and bones; Cd in kidney and testes; Zn in bones (when Pb and Cd concentration also is high); Ni in kidney and testes; and Cu in liver and kidney. In these organs they can cause toxicity and after long-term exposure they can cause cancer [7] [8] [10] [11] .
Heavy metals accumulation was found in mammals and birds living near heavy metal mines and smelters [9, 12] . Due to their higher metabolism, feral pigeons can accumulate more lead than mammals [8, 13] , especially those living near mines, and those consuming food along roads where the dust contains lead.
The area near the ferronickel smelter has been reported to be polluted by such heavy metals as lead, cadmium, zinc, copper, and nickel [1, 14] . This has prompted us to study whether these heavy metals were accumulated in the body. Referring to other authors who have reported the target organs for Pb, Cd, Zn, Cu, and Ni, we were determined to study the accumulation of these metals in the liver, kidney, testicles, femur, and tibia [8] [9] [15] [16] [17] .
Feral pigeons are ubiquitous and non-migratory. They are granivours, but also feed on invertebrates. They are synantropic and live in urban areas with high automobile traffic densities, and in areas with high levels of lead in roadside dust. Due to their higher metabolism, they can survive after accumulating high levels of lead and cadmium [16] .
However, there is little evidence of the effects of ferronickel smelters regarding concentrations of heavy metals (Pb, Cd, Zn, Cu, Ni) in the soft (liver, kidney, testes) and solid (femur and tibia) tissues in the area of Drenas, Kosovo, and little information about nickel accumulation in the tissues of feral pigeons. Our purpose is to assess pollution by heavy metals and their bioaccumulation in these tissues.
Study Area, Materials and Methods
Drenas is a city with traffic, urban, and metallurgical pollution. The New Ferronickel smelter is located in Drenas, 20 km from Pristine, capital city of Kosovo. It has been operating since 1982. The final products of the smelter are iron and nickel. The gas, dust, and ash emitted by the smelter over the years contain significant amounts of heavy metals. The ash is deposited near the Drenica River, and heavy metals concentrations (Pb = 0.0998 ppm, Cd = 0.00 ppm, Zn = 0.1012 ppm, Cu = 0.0260 ppm, Ni = 0.2546 ppm) were reported in Drenica water [14] , where the smelter discharges its waste. In sludge of the river the composition was: Pb = 121.00 ppm, Zn = 2541.00 ppm, Cu = 50.90 ppm, Cd = 0.00 ppm, and Ni = 4035.00 ppm [1] . The presence of heavy metals in the ash and soil also has been reported (in the ash: Pb = 16.21 ppm, Zn = 19.10 ppm, Cu = 5.50 ppm, Cd = 0.00 ppm, Ni = 260.50 ppm; in the soil: Zn = 97.00 ppm, Pb = 55.50 ppm, Cu = 22.60 ppm, Cd = 0.00 ppm, Ni = 107.80 ppm) [1] . The chemical composition of the air consists of Fe = 0.068 (mg/l), Ni = 0.006, Co = 0.043, Cr = 0.01; and gases, such as CO = 10.65, CO 2 = 7.7, SO 2 = 310, NOx = 54 [18] .
Specimens of feral pigeon (Columbia Livia) (20 birds, weight = 276±30.33; 11 male, weight = 284±77; nine female, weight = 270.45±31.69) were collected in the smelter courtyard in Drenas (April 2015) and in the control area of Lubizhdë village (20 birds, weight = 262±23.65; 9 male, weight = 271±26.71; 11 female, weight = 252±14.6). Birds were killed by cervical dislocation and the tibia, femur, liver, kidney, and testes were excised and the tissues dried at 100ºC for 48 h and dry-ashed as described by Blanusa and Breski [19] . Tissue concentrations of Pb, Cd, Zn, Cu, and Ni were measured using flame atomic absorption spectrophotometry (Unicam 929).
Results and Discussion
Results of tissue concentrations of Pb, Cd, Zn, Cu, and Ni in the liver, kidney, testes, femur, and tibia are summarized in Table 1 .
Lead (Pb) concentrations in the liver, kidney, femur, and tibia increased in the Drenas group (P = 0.160, P = 0.176, P<0.001, P<0.001), whereas in the testes, Pb concentrations decreased compared to control group (P = 0.030). Their habits of feeding on pavement and roadsides, and nesting in the smelter's courtyard alongside the lead in water, soil, sludge, ash [1, 14] , and in petrol can justify the high levels of lead in the aforementioned tissues. As we described in Table 1 , we found higher concentrations of Pb in the kidney, femur, and tibia. These results are in accordance with the results of many authors [9, 13] who found high levels of Pb in the femur and tibia in the natural population of feral pigeons and house sparrows living near Trepça smelter in Kosovo.
Pb accumulation in bones is less mobile, so it tends to be increased by time [20] , and the high level of Pb in the solid tissue (femur and tibia) -higher than in the liver -can indicate for chronic toxicity [16] . In Kosovo even today, leaded petrol and fertilizers are used, which can explain the high level of Pb in the testes of feral pigeons from the control group. In the 20 samples of above-mentioned feral pigeon we found high levels of Pb in their blood [6] .
The level of cadmium (Cd) concentrations in the liver and kidney increased (P = 0.460; P≤0.001), whereas in other tissues it is not found. These results are in accordance with the results of the other authors [9, 13] , who reported the presence of cadmium in the liver and kidney of feral pigeon and house sparrows from areas near the smelters. The interaction between Cd and Zn in the natural population of feral pigeons has been reported previously [13, 16] . Since the presence of Cd in the surface and ground waters of the Drenica was reported [14] and the zinc concentration in these tissues (liver and kidney), then the presence of Cd in the liver and kidney may be explained by the high level of Zn [16] , knowing that Pb and Cd are competitive with Zn for the same bind-sites in many enzymes [16, [19] [20] [21] .
Zinc (Zn) concentrations in the liver, kidney, and tibia tissues increased (P = 0.050, P = 0.094, P = 0.258), whereas in the testes and femur it decreased (P≤0.001, P = 0.556). These results are in accordance with many authors [15] who treated Wistar rats with lead acetate and albino male rats with Pb and Zn [22] . In accordance with this are the results of other authors [9, 13] , who have reported the high concentrations of Zn in feral pigeon [15] . Referring to this, in the testes, where the Pb concentration was higher in the control group, the Zn concentration was higher, too. Copper (Cu) concentration increased in the liver, kidney, testes, and tibia tissues (P≤0.001, P≤0.001, P≤0.001, P = 0.007), but it decreased in the femur tissue (P = 0.456) compared to the control group. The presence of Cu in the soil, slag, and ash [1] in the area of the Drenas smelter may be brought to Cu accumulation in these tissues. Our results are in accordance with the results of the other authors, who have reported light increases of Cu in the liver and kidney of natural population of house sparrows living near the ferronickel smelter. It is known that the presence of Pb and Zn decreases the level of Cu [23] . Since the control area is the area that has highly developed agriculture, where pesticides containing copper are used, and on the other hand, copper can be decreased in the femur tissue due to the presence of the high level of Pb and Zn at the same time.
The level of nickel (Ni) concentration increased in the liver, kidney, testes, femur, and tibia (P≤0.001, P = 0.010, P = 0.292, P = 0.312, P = 0.102) from the smelter courtyard compared to control. Regarding the accumulation of nickel, the pigeons in Drenas experienced an increase of Ni, which was found in all tissues with emphasis on liver tissue (139.97 µg/mg d.w.), when the increase was significantly higher (P≤0.001). This is in accordance with the results of other authors, who have found high levels of Ni in the tissues of bird populations [9, 13] . Knowing that the final products of the ferronickel smelter are Ni and Fe, and the fact that the smelter has been operating since 1982, the high amounts of Ni and its compounds released into the air, water, and soil [1] may have brought about the nickel accumulation in all tissues. For the reason that Ni is an essential element, it may found in the tissue as a natural part of it. So, at the uncontaminated area it may range from 0.1-5 μg/g d.w. [13] , but at high concentrations it cause disorders and diseases, including cancer [11] . Other authors have found nickel accumulation in the liver, kidney, testes, femur, and tibia of wild birds living near the smelters [9, 13] , which is in accordance with our results.
Conclusion
This study has shown that feral pigeon can accumulate high levels of heavy metals (Pb, Cd, Zn, Cu, and Ni) in soft (liver, kidney, testes) and solid (femur and tibia) tissues.
Due to their small weight and high metabolism, and their standing in the middle position of the food pyramid, feral pigeons can accumulate heavy metals in their tissues and provide us with important data about the effects of heavy metals in avian tissues. For this reason, feral pigeons can serve as important and suitable organisms for monitoring heavy metal pollution.
